Abstract. For underground cables, if the design data is not clear enough, it is very difficult to find out the path, not only to waste a lot of manpower, material and time, but also to cause inestimable loss. Therefore, finding a fast and accurate cable path detection system and shortening detection time has become the common goal of scientific and technological personnel both at home and abroad. This paper focuses on the problem of underground cable path detection technology, and designs and develops the underground cable path detection system. The functions of the system include: the peak mode, the relative position of the cable and operator, and the direction of the operator to move; in the valley value mode, the compass display function can be used to judge the direction of the operator and cable, prompting the operator to correct his direction in time until the cable is found. The buried position, the cable depth and the current display function, can show the depth and current size of the buried cable in real time. The development of the underground cable path detection system makes the field personnel more fast, convenient and accurate to detect the important information such as the buried location and depth of underground cable. It can save the cost of inspection and accelerate the maintenance and maintenance progress, which has significant practical significance.
Introduction
The research on underground cable detection started earlier in foreign countries and the research in this field have been going on for many years. Domestic research on the detection of underground cables started later, but the development speed is faster. At present, there are many companies specializing in the detection of underground cables. They have made great breakthroughs in technology, and formed a set of better detection methods of underground cables, which have higher performance in the detection of underground cable paths. Domestic underground cable path detection system also mainly uses electromagnetic induction method, which through one or two detection coils to detect the magnetic signals around the cable, and the location of the cable can be determined by receiving the amplitude of the signal and the intensity of the sound in the headset. This method can detect underground cables easily, quickly and effectively, but when the electromagnetic signal is weak, the detection error is relatively large, and the detection frequency is single, the function is not complete, and the anti-interference ability is poor.
In this paper, we take this as the research object, and adopt the detection method of multiple coil combination to judge the path of the cable by the interaction of multiple coils.
Technical Principle
The main theoretical basis of electromagnetic method is the principle of electromagnetic induction. Based on the conductivity and magnetic conductivity difference between underground cable and its surrounding medium, and according to electromagnetic induction principle and electromagnetic field spatial distribution law, the purpose of finding underground cable is achieved.
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Equivalent Model of Underground Cables
For the underground cable, as the diameter of the cable is very small relative to the buried depth, and the length of the cable is much longer than its diameter in general, so the buried cable can be equivalent to the infinite current-carrying straight wire model. According to the previous analysis, when the medium around the cable (such as soil) is non-magnetic medium, and the electromagnetic frequency is not too high, the magnetic field intensity produced by a single underground current-carrying wire at a point P on the ground is as follows:
In the formula (1) ), I is in current strength in the wire, and r is the distance from the wire to point P, as shown in Figure 3 .The horizontal magnetic field intensity x H and vertical magnetic field intensity z H at the point are obtained by calculation.
In the actual detection, the length of the cable is much larger than the buried depth of the cable, so the target cable can be regarded as infinite length. It is easy to see in the magnetic field produced by an infinite current-carrying straight wire that the magnetic field line-type center is a concentric circle perpendicular to the wire axis, and the direction of the magnetic field is the tangent direction of the concentric circle. According to the equivalent model of underground cable, the horizontal magnetic field intensity As can be seen from Figure 2 : ①the horizontal component of the magnetic field intensity of a single coil is x H ,when
From the formula, it can be seen that the magnetic field above the cable is the largest, with a maximum value, and the position of the cable can be determined by measuring the maximum point.
②when the burial depth increases, the maximum value of x H decreases sharply. When the burial depth is larger than 4m, the x H curve area tends to be gentle. ③when the current is constant, the x H maximum is inversely proportional to the depth of the cable buried. And the greater the depth is, the smaller the x H value. (2) z H parameter curves and characteristics of vertical magnetic field intensity Figure 3 . z H curves of the same currents at different depths.
As can be seen from ②at the place
,that is the position on the
③ When the buried depth is less than 2.5m, the curve crosses the origin with a large slope, z H on both sides of the cable has a maximum value; when the buried depth is greater than 2.5m, it tends to be gentle. H 's maximum value. It can be seen that the smaller the buried depth is, the steeper the curve is, and the greater the buried depth, and the smoother the curve is. The distance between the two points of (0.8) Max is equal to the buried depth h , and the distance between the points of (0.5) semi-extreme is equal to 2 times the buried depth h . No matter how deep the burial depth is, this formula is established. 
The Detection Principle of Electromagnetic Method
The underground cable path detection system is generally composed of transmitter and receiver. A certain frequency AC signal is injected into the cable to be measured by transmitter. The current flows in the cable to be measured and a magnetic field is generated in the surrounding space. The magnetic field intensity is
. Among them, K is the field intensity coefficient, R is the distance between P and the current center at any point around the cable, and z x H H 、 are the horizontal and vertical components respectively. 4 The receiver receives the magnetic field signal produced by the cable on the ground and then generates the inductive electromotive force in the coil. The location and burial depth of the cable are determined by the magnitude and distribution of the induced electromotive force. The detection of magnetic field intensity H can be divided into the maximum method and the minimum method. The maximum method is the process of detecting x H with horizontal detection coil. When the maximum value of x H is detected, it is the location where the cable is buried. The minimum method is the process of detecting z H with the detection coil perpendicular to the ground, and when the minimum value of z H is detected, it is the location of the cable buried. 5 
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System Design The Overall Design of the System
The system is used to detect the magnetic field signal of the area where the cable is to be measured. According to the distribution of the received magnetic field signal, the received signal is processed and calculated, and then the position, current magnitude and buried depth of the cable are judged, and the position of the cable is displayed and recorded in real time. The receiver uses seven detection coils to receive the magnetic field signals generated by the cable under test. The structure of the seven detection coils is described as shown in Figure5: 
Selection and Design of Key Components
The system is mainly designed and implemented by single chip microcomputer and FPGA. The hardware circuit of the system is mainly composed of four parts, namely the power supply circuit, signal acquisition channel circuit, FPGA signal processing circuit, single chip microcomputer control circuit. The design of the power module is the first step of the system design, which provides a reliable guarantee for the stability of other parts. The system has 4 channels of signal acquisition and they can share in peak mode and valley mode. Induction EMF is generated by detecting coil, and induction voltage is generated in coil. The voltage signal is amplified and filtered and then sent to A/D converter chip. The analog voltage signal is converted into digital signal. The digital signal is processed by FPGA, and the processed result is transmitted to MCU. The results of these processing are analyzed by single chip microcomputer, and the final results and data are stored and displayed to the user through the indicator. The overall hardware design block diagram of the detection system is shown in Figure 6 , in which the MCU selects the AVR series chip ATmega64 and the FPGA selects the Cyclone II series chip EP2C5T144C8 from the Altera company. The function of the signal acquisition channel is to extract the effective detection signal and input it into the FPGA for processing and analysis after filtering and amplification. Therefore, the acquisition channel circuit must have good stability, high reliability and high sensitivity. The overall block diagram of signal acquisition channel is shown in Figure 7 . Underground cable path detection system can not only detect 50 Hz power cable in normal working conditions, but also detect the cable in the case of not working, so the system designs two detection channels. Channel 1 is in the normal operation of the cable, the transmitter signal is inconvenient to add to the cable and then a channel for detecting power frequency 50Hz signals is adopted. In this case, no adjacent cables are required, and the interference of the cables to be measured is very small. Channel 2 is to inject a certain frequency AC signal into the cable by transmitter when the cable is not working. It can detect the cable path by the inductive electromotive force generated by the detection coil, which is suitable for the circumstance of multiple cables. At this point, the switch S1 turns on channel 2, and the induced EMF signal generated on the detection coil passes through the passive 50Hz notch circuit and the active 50Hz notch circuit, attenuates and filters the larger 50Hz interference signal, and then extracts the desired frequency signal through the high-pass filter and the center frequency adjustable band-pass filter.
Conclusions and Prospects
Taking the underground cable as the research object, this paper deeply analyzes the cable path detection technology, uses the electromagnetic induction principle to judge the underground cable path through the interaction of multiple detection coils, and discusses the working principle of the cable path detection system and the composition and Realization of each functional module in detail. In the next phase, the project team will continue to carry out laboratory testing and field testing, and further improve the system operation, acquisition and demodulation methods to enhance the power performance indicators.
